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ABSTRACT 


A  modified  Mlchelson  Interferometer  was  built  and  Its  performance 
evaluated  for  the  measurement  of  very  small  displacements.  The  Instrument  was 
assembled  from  components  already  available  In  the  laboratory  and  suggestions 
are  made  for  an  Improved  version. 


RESUME 


Un  Interf eromStre  de  Mlchelson  modlfle  a  et§  constrult  et  on  a  §valu§ 
ses  performances  pour  la  mesure  de  tree  petlts  dSplacements.  L' Instrument  fut 
monte  A  partlr  de  places  dlsposlbles  dans  le  laboratolre  et  des  suggestions 
sont  presentees  pour  la  realisation  d'une  version  ameilorge. 
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TYPICAL  OUTPUT  FROM  A  MICHELSON  INTERFEROMETER: 

a)  Output  beams  In  phase; 

b)  Output  beams  with  a  phase  difference  of  180°. 
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(from  ref.  2,  p.  1533) . 


MULTIPLE  REFLECTIONS  WITHIN  THE  MIRROR  WEDGE 
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(from  ref.  2,  p.  1533) . 


MODIFIED  MICHELSON  INTERFEROMETER  DISPLACEMENT 
SENSITIVITY  AS  A  FUNCTION  OF  INITIAL  ANGLE  OF 
INCIDENCE.  THE  CURVES  ARE  MARKED  FOR  THE  VALUES 
OF  N  THEY  REPRESENT.  THE  ORDINATE  VALUE  1  (dashed  line) 
REPRESENTS  THE  SENSITIVITY  OF  A  STANDARD  MICHELSON 
INTERFEROMETER  (from  ref.  2,  p.  1553) . 
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.^0  INTRODUCTION 


The  design  of  an  Illumination  system  for  a  multichannel  Bragg  cell  being 
fabricated  by  Marconi  went  through  many  Iterations  before  reaching  Its  final 
state.  At  one  particular  stage  In  the  project,  the  Implementation  of  the 
design  required  four  vertical  translations  of  a  holographic  plate  (see  Fig.  1) 
with  less  than  X/20  (  X  *  633  nm)  horizontal  spurious  motion  In  order  to 
preserve  the  phase  relationship  between  the  five  Illumination  channels  (one 
stationary  Image  and  four  translations).  Measuring  displacements  of  the  order 
of  30  nm  Is  not  trivial  and  the  particular  design  Idea  required  an  Investig¬ 
ation  of  some  possible  techniques  to  achieve  such  precise  measurements.  It 
was  decided  to  use  a  very  elegant  concept  recently  proposed  by  Chandra  and 
Rhode  where  a  Mlchelson  Interferometer  Is  modified  in  such  a  way  that  small 
displacements  can  be  measured  to  a  precision  of  X/70.  We  designed  and 
constructed  our  own  version  of  a  Modified  Mlchelson  Interferometer  (MMI)  and 
then  we  carried  out  measurements  to  evaluate  the  accuracy  attainable  and  to 
Identify  factors  which  limited  Its  performance. 


2.0  MEASUREMENT  OF  SMALL  DISPLACEMENTS  WITH  A 

STANDARD  MICHELSON  INTERFEROMETER  (SMI) 

A  Mlchelson  Interferometer  (see  Fig.  2)  Is  often  used  to  monitor  small 
displacements  or  vibrations.  The  interferometer  consists  of  a  beam  splitter 
(BS)  that  divides  the  incoming  coherent  light  into  two  perpendicular  paths. 
Mirrors  (Ml,  M2)  are  placed  at  the  end  of  each  arm  of  equal  length  of  the 
interferometer  to  reflect  the  light.  The  light  reflected  from  the  two  mirrors 
Is  mixed  by  the  beam  splitter  and  produces  an  Interference  pattern  at  the 
photdetector,  but  only  If  the  difference  In  optical  pathlength  between  the  two 
arms  of  the  Interferometer  is  less  than  the  coherence  length  of  the  Illumin¬ 
ating  light  source.  When  a  point  source  Is  used  as  an  Input  to  the  Interfero¬ 
meter,  the  two  diverging  beams  produce  at  the  output  a  set  of  concentric  rings. 
The  state  of  the  center  of  the  pattern  depends  on  the  relative  phase  difference 
between  the  two  output  beams  mixed  by  the  beam-splitter,  assuming  the  mirrors 
Ml,  M2,  and  the  beamsplitter  have  flatness  better  than  X/10  (see  Fig.  3).  If 
the  beams  are  In  phase,  the  center  of  the  pattern  Is  bright,  If  the  beams  have 
180°  phase  difference,  the  center  of  the  pattern  will  be  dark.  When  a 
Mlchelson  Interferometer  Is  used  to  measure  small  displacements,  the  length  of 
one  arm  Is  kept  constant  and  the  light  coming  from  that  arm  via  Ml  is  used  as 
a  reference.  The  length  of  the  second  arm  Is  allowed  to  change  either  by 
having  the  vibrating  or  moving  Surface  attached  to  M2.  The  movement  of  the 
object  under  test  will  then  produce  a  succession  of  dark  and  bright  centers  In 
the  output  fringe  pattern.  Each  transition  from  a  dark  to  a  bright  center 
corresponds  to  a  movement  of  X/A  of  the  object.  Proper  data  processing  of  the 
brightness  measurement  of  the  central  fringe  may  give  a  X/20  precision  on  the 
displacement  [ref.  2).  When  no  special  signal  processing  is  used,  a  precision 


FIGURE  2  MICHELSON  INTERFEROMETER 


of  A/8  is  a  maximum  reasonable  value  that  falls  slightly  short  of  our  require¬ 
ment.  Even  the  X/20  precision  obtained  with  signal  processing  Is  somewhat 
unsatisfactory  because  it  is  never  good  practice  to  operate  at  the  very  limit 
of  a  measuring  Instrument. 


3.0  MEASUREMENT  OF  VERY  SMALL  DISPLACEMENTS  WITH 
A  MODIFIED  MICHELSON  INTERFEROMETER  (MMI) 


It  is  possible  to  Improve  on  the  precision  of  the  displacement  measured 
by  a  Mlchelson  Interferometer.  S.  Chandra  and  R.S.  Rohde  recently  published  a 
method  to  "amplify"  the  motion  of  the  moving  mirror,  [ref.  1).  The  technique 
consists  of  adding  to  the  mirror  M2  assembly  of  Fig.  2,  a  second  mirror  M3 
(see  Fig.  4).  M3  Is  fixed  and  the  other  M2  moving,  In  such  a  way  that  the 
light  will  bounce  N  times  (see  Fig.  5)  between  the  mirrors  before  being 
reflected  back.  The  motion  of  the  moving  mirror  M2  Is  then  amplified  by  a 
factor  N. 


It  Is  interesting  to  note  from  the  analysis  made  by  Chandra  and  Rohde 
that  the  Incidence  angle  oi  is  related  to  the  wedge  angle  6  between  the  two 
minors  by  the  equation  (see  Fig.  5): 


(N-l)e 


where  N  is  the  number  of  relections  on  M2.  The  displacement  sensitivity,  S, 
Is  then  defined  as  the  actual  displacement  of  the  mirror  M2  required  to 
produce  one  complete  cycle  at  the  detector  and  is  given  for  small  angles  of 
incidence  by: 
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S  =  o 


where  n  is  the  index  of  refraction  of  the  medium  in  which  the  light  is 
propagating.  For  N  =  1,  equation  2  becomes  the  expression  for  the  sensitivity 
for  a  Standara  Mlchelson  Interferometer.  Curves  of  the  ratio  of  the 
displacement  sensitivity  S  for  a  Modified  Mlchelson  Interferometer  to  the 
displacement  sensitivity  for  a  SMI  as  a  function  of  the  angle  of  Incidence  a 
are  given  in  Fig.  6.  These  curves  indicate  a  possible  Improvement  of  the 
sensitivity  by  a  factor  of  100  of  a  MMI  over  a  SMI.  Chandra  and  Rohde  have 
experimentally  achieved  a  sensitlvltypof  1  cycle/( X/72) .  For  Illumination  at 
the  wavelength  of  a  He-Ne  laser  (6328A),  one  cycle  of  fringe  is  generated  by  a 
displacement  of  88a. 


IMPLEMENTATION  OF  A  MODIFIED  MICHELSON  INTERFEROMETER  AT  DREO 


The  (MMI)  described  in  ref.  1  (see  Fig.  4)  was  built  using  a  point  source 
produced  by  focusing  a  He-Ne  laser  beam  using  a  low  power  microscope  objective 
Figure  7  shows  the  experimental  arrangement.  The  mirrors  were  polished  flat 
to  X/io  in  order  to  avoid  unnecessary  distortion  of  the  wavefront  of  the 
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observed  fringe  pattern.  The  moving  mirror  M2  was  rigidly  fixed  to  a  piezo¬ 
electric  displacement  unit.  The  set-up  was  extremely  sensitive  to  vibrations 
and  was  Isolated  with  an  air  supported  table.  The  measurement  of  the  angle 
and  9  was  the  major  limitation  of  the  experiment.  The  setting  of  these  angles 
was  difficult  because  of  the  close  proximity  and  relative  sizes  of  M2  and  M3. 
The  interferometer  was  successively  set  for  N  *  2,  4  and  7  with  6  around  5“ 
and  a  varying  from  20“  to  30“.  The  displacement  sensitivities  S  thus  achieved 
were  1  cycle  /(X/4),  1  cycle/(X/8)  and  1  cycle/(A/14)  respectively.  It  Is 
easy  to  determine  when  a  change  of  half  a  cycle  has  occurred  from  the  Inter¬ 
ference  pattern  at  the  output  of  the  interferometer  (see  Fig. 3),  so,  a 
sensitivity  of  1  cycle/(X/l4)  is  more  than  good  enough  for  our  present  purpose 
that  Is  to  measure  displacements  of  the  order  of  X/20  (316A).  However,  a 
sensitivity  of  1  cycle/(X/72)  was  demonstrated  by  Chandra  and  Rohde  [ref.l] 
but  getting  a  better  than  1  cycle/(X/l4)  sensitivity  in  our  system  would 
necessitate  substantial  Investment  in  custom  made  equipment.  So  we  decided  to 
stop  the  development  of  our  MMI  at  that  point. 


5.0  CONCLUSIONS ;  KEY  FACTORS  IN  THE  CONSTRUCTION  OF  AN  IMPROVED  VERSION 


A  MMI  with  a  sensitivity  1  cycle/(X/14)  sufficient  to  meet  our  require¬ 
ments  was  built.  The  experience  acquired  in  the  implementation  of  a  MMI 
allowed  us  to  Identify  two  areas  for  Improvement  If  better  sensitivity  Is  to 
be  achieved.  First,  higher  quality  mirrors  should  be  used  for  M2  and  M3  (at 
least  polished  to  X/20)  In  order  to  avoid  noticeable  wavefront  distortion  of 
the  output  fringes  since  any  Irregularities  of  the  surface  of  M2  and  M3  are 
magnified  by  a  factor  N.  Second,  a  special  holder  should  be  designed  for  M2 
and  m3  which  would  permit  precise  setting  of  a  and  9  and  the  alignment  of  M2 
and  m3. 


6.0  REFERENCES 

[1]  S.  Chandra  and  R.S.  Rohde,  ’’Ultrasensitive  multiple-reflections 

Interferometer”,  Applied  Optics,  Vol.  21,  No.  9,  1  May  1982,  p. 1533-1535. 


[2]  M.  Born  and  E.  Wolf,  "Principles  of  Optics”,  Pergamon  Press,  3rd  edition. 


DOCUMENT  CONTROL  DATA  -  R  &  D 

(SiM'iiiily  ut  title,  iKxly  ot  Abstract  aimI  iiule«ii>y  anr>olaiiun  must  Ite  enterert  ^tien  llic  oveiall  tlocumiMii  is  cldSiitiecl) 


2a.  DOCUMtNT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2b  GROUP 


3  DOCUMENT  TITLE 

MEASUREMENT  OF  VERY  SMALL  DISPLACEMENTS  WITH  A  MODIFIED  MICHELSON 
INTERFEROMETER  (U) 


4  DESCRIPTIVE  NOTES  (Type  of  report  and  inclusive  datesi 

TECHNICAL  NOTE 


b  AUThORIS)  (Last  name,  first  name,  middle  initial) 

BROUSSEAU,  Dr.  Nicole  and  SALT,  James  W.A. 


b  DOCUMENT  DATE 


8a.  PROJECT  OR  GRANT  NO 

31B10 

8li  CONTRACT  NO 


7a  TOTAL  NO  OE  PAGES  71).  NO  OE  REES 

10  2 


9a  ORIGINATOR'S  DOCUMENT  NUMBERISI 

DREO  TN  85-23 


9b.  OTHER  DOCUMENT  NO  (SI  (Any  othet  numlHMS  that  may  be 
assigned  this  document) 


10  OISTRI8UTION  STATEMENT 

-  Unlimited  - 

n  SUPPLEMENTARY  NOTES 

12.  SPONSORING  ACTIVITY 

DREO 

13  abstract 


A  modified  Mlchelson  Interferometer  was  built  and  Its  performance 
evaluated  for  the  measurement  of  very  small  displacements.  The  Instrument  was 
assembled  from  components  already  available  In  the  laboratory  and  suggestions 
are  made  for  an  Improved  version. 


UNCLASSIFIED 

Security  CUsiificJtion 


KEY  1MORDS 


MICHELSON  INTERFEROMETER 
MEASUREMENT  OF  SMALL  DISPLACEMENTS 
INTERFEROMETER 


INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY:  Enter  the  name  and  address  of  the 
organization  issuing  the  document. 

2a.  DOCUMENT  SECURITY  CLASSIFICATION.  Eniar  the  overall 
security  classification  of  the  document  including  special  warning 
terms  whenever  applicable. 

2b  GROUP  Enter  security  reclassification  group  number.  The  three 
groups  are  defined  in  Appendix  'M'  of  the  ORB  Security  Regulations. 

3.  DOCUMENT  TITLE  Enter  the  complete  document  title  in  all 
capiidi  letters.  Titles  in  all  cases  should  be  unclassified.  If  a 
sufficiently  descriptive  title  cannot  be  selected  without  classifi 
cation,  show  title  classification  with  the  usual  one  capital  letter 
abtxevtation  in  parentheses  immediately  following  the  title. 

4  DESCRIPTIVE  NOTES  Enter  the  category  of  document,  eg. 
technical  report,  technical  note  or  technical  letter.  If  appropri 
ate.  enter  the  type  of  document,  e  g.  interim,  progress, 
summary,  annual  or  final.  Give  the  inclusive  dates  when  a 
specific  reporting  period  is  covered. 

5.  AUTHORfSf:  Enter  the  name(s)  of  author(s)  as  shown  on  or 
m  the  document.  Enter  last  name,  first  name,  middle  initial. 

If  military,  show  rank.  The  name  of  the  principal  author  is  an 
absolute  minimum  requirement. 

6.  DOCUMENT  DATE:  Enter  the  dale  (month,  year)  of 
Establishment  approval  for  publication  of  the  document. 

7a  total  NUMBER  OF  PAGES  The  total  page  count  should 
follow  normal  pagination  procedures,  l  e..  enter  the  number 
of  pages  containing  information. 

7b.  NUMBER  OF  REFERENCES.  Enter  the  total  number  of 
references  cited  >n  the  document. 

8a  PROJECT  OR  GRANT  NUMBER  If  appropriate,  enter  the 
applicable  research  and  development  project  or  grant  number 
under  which  the  document  was  written. 

8b.  CONTRACT  NUMBER  If  appropriate,  enter  the  applicable 
nurnlwr  under  which  the  document  was  written. 

9a.  ORIGINATOR'S  DOCUMENT  NUMBERISI  Enter  (he 
official  document  number  by  which  the  document  will  be 
identifier!  and  controlled  by  the  originating  activity.  This 
numbof  must  be  unique  to  this  document. 


9b.  OTHER  DOCUMENT  NUMBER(S)  If  the  document  has  been 
assigned  any  other  document  numbers  (either  by  the  originator 
or  by  the  sponsor),  also  enter  this  number (s). 

10.  OiSTRfBUTfON  STATEMENT:  Enter  any  limitations  on 

further  dissemination  of  the  document,  other  than  those  imposed 
by  security  classification,  using  standard  statements  such  as 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
document  from  their  defence  documentation  center." 

(2)  "Announcement  and  dissemination  of  this  documoni 
IS  not  authorized  without  prior  approval  from 
originating  activity" 

M.  SUPPLEMENTARY  NOTES  Use  for  additional  explanatory 

notes. 

12.  SPONSORING  ACTIVITY:  Enter  the  name  of  the  departmental 
project  office  or  laboratory  sponsoring  the  research  and 
development.  Include  address. 

13.  ABSTRACT  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document,  even  though  it  may  also  appear 
elsewhere  m  the  body  of  the  document  itself.  It  is  highly 
desirable  that  the  abstract  of  classified  documents  be  unclassi 
fied.  Each  paragraph  of  the  abstract  shall  end  with  an 
•r>d<cation  of  the  security  classification  of  the  information 
«n  the  paragraph  lunless  the  document  itself  is  unclassified) 
represented  as  (TS).  (S),  (C),  (R).  or  (U). 

The  length  of  the  abstract  tfiould  be  limited  to  20  single  spaced 
standard  typewritten  lines;  7*'^  inches  lor>g 

14.  KEY  WORDS  Key  words  are  technically  meaningful  terms  or 
short  phrases  that  characterize  a  document  and  could  be  helpful 
in  cataloging  the  document.  Key  words  should  be  selected  so 
that  no  security  classification  is  required.  Identifiers,  such  as 
equipment  model  designation,  trade  name,  military  project  code 
name,  geographic  location,  may  be  used  as  key  words  but  will 
be  followed  by  an  indication  of  technical  context. 


